Introduction
Public transport is an essential element of urban life since it reduces car traffic and gives mobility to city residents. In addition, more use of public transport instead of private cars reduces emissions such as carbon dioxide. This feature has become more important since the Kyoto Protocol came into effect in March 2005. These social situations require policy makers to promote modal change from private cars to public transport. Differences in accessibility to destinations such as city center affect users' choice of transport modes. In well developed cities of Japan such as Osaka and Tokyo, new public transport systems improve connectivity and accessibility of existing lines and stations. Introducing a new line to such cities brings improved network accessibility and promotes a transport modal shift by residents in its neighborhood. Besides the direct effect of public transport investment, additionally generated traffic caused by the network externality (indirect effect) would be distributed over the whole city. These direct and indirect effects can be normally examined by the analysis of transport modal choice.
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Analyses of transport modal choice have been implemented in various ways. Among these, the discrete choice model is in the mainstream. In this approach, transport modal choice analysis is usually treated as an application of the random utility theory that assumes that an individual makes a rational choice among discrete alternatives to maximize his/her utility. There have been a number of studies on transport modal choice in literature based on discrete choice approach (e.g., McFadden, 1974; Garrod and Millius, 1983; Ben-Akiva and Lerman, 1985; Bates, 1987; Louviere, 1988; Hensher, 1994; Louviere et al., 2000; Asensio, 2002; Cervero, 2002; Rodriguez and Joo, 2004; Ubillo and Sainz, 2004; Schwanen and Moktarian, 2005; Shen et al., 2008) . The traditional determie n v i r o n m e n t a l s c i e n c e & p o l i c y 1 2 ( 2 0 0 9 ) 3 3 8 -3 4 6 a r t i c l e i n f o The climate change problem requires transport policy to regard sustainability as an important element (e.g., Eck et al., 2005; Steg and Gifford, 2005) . Some evidences suggest that the growing concern for environmental protection, which has important external effects on our lives, has begun to affect residents' behaviors including transport modal choice (Himanen et al., 2005; Shen et al., 2008) . The effect of individual environmental concern on transport modal choice comes not only from the recognition of negative impacts on the environment caused by various transport modes, but also from awareness of the state of the local natural environment. There are various factors that affect the local natural environment, such as industrial activities, geographical features or built environment, consumers' behaviors including transport modal choice, weather condition, etc. A feedback effect caused by the local natural environment may also influence these factors. For instance, a heavily polluted environment may encourage people to look for less pollution-intensive goods. In transportation, public transport modes are relatively ''cleaner'' than private cars. If individual environmental consciousness does work as a determinant in transport modal choice (Shen et al., 2008) , then the recognition of a bad local natural environment might lead to a higher probability of choosing public transport modes over private cars. Although several studies have analyzed how the local physical environment affects transport modal choice (e.g., Cervero, 2002; Rodriguez and Joo, 2004) , we find that the impact of local natural environment on modal choice is not yet well studied.
In addition, utilization of public transport can also be stimulated by improvement of its network accessibility. Overall, changes in travel conditions are commonly summarized by the generic concept of accessibility, which can be defined as ''the ease of access between spatial opportunities''. This definition implies that variables such as travel time and costs, associated with a trip to a location, are the key components that determine accessibility. Alternatively, accessibility can be defined as ''the potential attainment of a set of transportation choices'' (Banister and Berechman, 2000, p. 174) . The latter definition indicates that transport network accessibility would influence individuals' decision making on different transport modes.
Then, based on the above discussions, we can formally propose two hypotheses in relation to the influences of transport milieu upon individual modal choice: (1) environmental deterioration will make people more likely to choose public transport modes, and (2) improved accessibility of public transport network will lead to a higher probability of people selecting public transport modes. To test these two hypotheses, we use the transport modal choice data recently collected in Eastern Osaka, Japan. We find both hypotheses are strongly supported by the estimated results. Our main contribution to the literature is that we simultaneously examine the effects of both environmental deterioration and transport network improvement on individual modal choice behavior. It is not an easy task due to its difficulty in how to manipulate the two different objectives into a choice model. As far as we know, there is no published study in the literature. Therefore, what we do in the current study can be viewed as a first try to examine how people choose the transport mode when the environment becomes worse and/or transport network accessibility gets better.
Our paper is structured as follows. In the next section, we present the empirical models, and in Section 3, we describe the experimental design along with a brief summary of the surveyed areas. In Section 4, we examine our estimated results, and finally we sum up our main findings in Section 5.
The model
Individual preferences for transport modes can be estimated by using a choice model (CM) that was first applied to transportation research around 30 years ago and has rapidly developed since then (e.g., McFadden, 1974; Garrod and Millius, 1983; Maier et al., 2002) . The choice model has been historically developed in mathematical psychology (Luce and Tukey, 1964) and marketing research (Actio and Jain, 1980; Green and Srinivasan, 1990) . 2 In the 1990s, the CM was widely applied to environmental economics for evaluating nonmarket goods and to transport economics for modal choice analysis (Louviere, 1988; Hensher, 1994; Louviere et al., 2000; Haefele and Loomis, 2001) . Recently, the application of CM has been extended to various areas such as health economics (Miguel et al., 2000) and waste management (Sasao, 2002; Sakata, 2005) . The CM is based on random utility theory. The basic assumption embodied in the random utility approach to choice modeling is that decision makers are utility maximizers, i.e. given a set of alternatives the decision maker will choose the one that maximizes his/her utility. Usually the utility of an alternative for an individual (U) cannot be observed; however, it could be assumed to consist of a deterministic component (V) and a random error term (e). Formally, the utility function for choosing a mode k by individual i can be denoted as follows:
According to utility maximization, individual i chooses a mode k, which prefers to any j (6 ¼k) from choice set J if U ik > U ij . Hence, the probability of choosing a mode k over choice j (k, j 2 J) can be written as
To transform the random utility model into a CM, certain assumption about the joint distribution of the vector of random error terms are required. If the random error terms e follow the extreme value type I (EV1) distribution and are independently and identically distributed (IID) across alter-2 Several literatures include CM as one of approaches of Conjoint Analysis (CA). However, due to the differences between judgment data (from conjoint rating and ranking) and choice data (from choice modeling), we define CM as an additional method other than CA in this study. natives and cases (or observations), the multinomial logit (MNL) model (McFadden, 1974) is obtained. In the MNL model, the choice probability in Eq. (2) is
where m is a scale parameter, which is usually set to one in the MNL model. Then, making a further assumption for the deterministic component of utility to be linear in parameters, V iq = b 0 X iq , the probability in Eq. (3) is
where X iq are explanatory variables of V ik , normally including alternative-specific constants (ASCs), the attributes of the alternative k and the socioeconomic characteristics of the individual i, and b 0 is the parameter vector associated with the matrix X ik . The MNL is often criticized because it requires the assumption of Independence of Irrelevant Alternatives (IIA). The IIA assumption is a very strong constrain on applying the CM to policy studies. To relax this assumption, Generalized Extreme Value (GEV) models are proposed (Train, 2003, p. 80) . The Nested logit (NL) model (Tsuge, 2001 ) and the Heteroskedastic Extreme Value (HEV) model are typical examples of the GEV models.
In the HEV model, the choice probability is changed to
which differs in allowing scale parameters (m k ) to vary across alternatives from the MNL model. A NL model with a unique inclusive value parameter for each alternative (with one arbitrarily chosen variance equaling one for identification) is equivalent to an HEV specification (Louviere et al., 2000, p. 189) . Compared with the NL model, the HEV model is especially valid in cases where it is difficult to specify the tree for a nested model. In addition, the magnitude of the estimated alternativespecific scale parameters and their standard deviations may help analysts determine the tree structure of a nested model.
Choice experiment

The plan to extend the Osaka Monorail Loop-line
The Osaka monorail has two lines currently in operation. In 2003, Kinki Public Transport Committee (KPTC) authorized a plan of extending the loop-line from one of the current terminals, Kadoma Shi, to Uryudo station (south of Kadoma Shi). Although the date of implementation of this plan has not been fixed yet, it can be obviously as an essential part of the public transport network composing of the monorail and other railways or subways. According to the plan, there will be four new stations in this extension from north to south: Kadoma Shi ! Kadoma Minami ! Konoike Shinden ! Aramoto ! Uryudo. Table 1 provides information about these connections to other lines. The most notable characteristic of this link is that each station has a connection to other lines that have different destinations (see Table 1 ). The new monorail extension is therefore expected to increase accessibility of residents and to shift traffic from private cars to the monorail.
Several large plants are also located in the main residential areas along the planned monorail line. Most residents commute to the Osaka city center or work in those plants. In addition, metropolitan trunk roads (Osaka Central Loop Road and Kinki Highway) run in parallel with the planned line. The car traffic volume on the roads is huge, and congestions daily occur in rush hours. Air pollution caused by emission from cars, and noise and hubbub are serious.
Survey design
The questionnaire used for this study is composed of three parts. The first part is intended to be an introduction to the questionnaire and to give respondents basic information of the new line and the environmental changes expected. The second part is an experiment on transport modal choice, and the last part a face sheet of individual socioeconomic characteristics. In the choice experiment, respondents are asked to choose one transport mode from set of choices consisting of monorail, bus and car, each with a different combination of attribute levels. In the face sheet, respondents are asked not only their socioeconomic characteristics, but also their current traveling behavior. This includes whether they own cars or not, and whether they use them daily or not. In order to estimate the impacts of the planned monorail through the choice experiment, the attributes levels of each alternative we specify must be comparable among the alternatives (i.e., monorail, bus, and private car). After careful Kintetsu Railway (Nara Line) Nara, Ikoma, Nanba considerations, we designed the levels on the basis of traveling one section between the new monorail stations, which is about 2 km on average, and asked respondents to select their most preferred transport mode from a set of choices, when traveling on any part of these sections. Any choice set used in this experiment has three alternatives, each of which has six attributes. Two attributes (the state of local natural environment and the public transport network) are manipulated so as to be common among the three alternatives. Table 2 shows the attributes of each alternative and the levels of each attribute. With these attributes and their levels, we reduce to 32 choice sets by fractional factorial design from 4096 (=2 12 ) combinations. Eight choice sets are combined as one version and distributed to the respondent. A sample choice set is shown in Table 3 . Respondents are asked eight times in total to choose their most preferred mode in each different choice set.
Most of the attributes, except for the natural environmental state and the transport network, are chosen from typical transport modal choice experiments. The levels used in this experiment were based on the results of pilot tests held in July 2005. We found it impossible to specify the patterns of individual trips in the surveyed area, and therefore calibrated the levels of in-vehicle time, delay time and costs based on the distance of one section of the monorail. On top of that, since residents are likely to include parking costs into the average cost of car usages, we set the costs of car as including running and parking costs.
The environmental state used in the choice experiment is intended to reveal respondents' attitudes to transport modal choices caused by environmental changes such as air pollution, global warming problems, and so on. Two environmental scenarios ('current state' and 'worse than current') are used to evaluate this point. 4 The environmental state is treated as a common condition in each choice set and is not allowed to vary across alternatives. On the other hand, the KPTC has 19 plans to improve the network accessibility of public transport in Osaka Prefecture. Most will extend an existing line to link with other lines to improve transit and access to the city center. The improvement of network accessibility brings network externality to each line. According to the KPTC's plans, we find that the monorail loop-line extension combined with other plans is obviously beneficial to the residents in the surveyed areas. One typical impact of the network accessibility can be observed in a change of modal choice. To estimate this impact, an attribute of 'Network' is divided into two levels, i.e., 'Only monorail extension is realized' or 'All proposals are fully realized'. This is also included as a common attribute in the choice profile. If we could estimate a significant change of respondents' choice behavior between the two levels, we may conclude that external effects of the public transport network on the residents could be observed. In addition, network accessibility may also affect car users in a different manner. Because there are few parking lots around the planned monorail stations and bus stops in the surveyed areas, the improvement of public transport is additionally expected to cause a modal change from private cars to public transports. One may be concerned about the extremely simplified representations of the environmental state and public transport network discussed above. The validity of our treatment is based on the following considerations. First, we tried applying more complex representations (e.g., numerical data of pollution for environmental changes or number of transportation lines would be connected with the new monorail line for public transport network) in the choice model. However, the difficulties in understanding the meanings of these numerical data as we worried about were confirmed in the pilot tests. To solve this problem, we decided to simplify these two elements and provide more information about them with figures and graphs in the first part of the questionnaire. Furthermore, we pre-checked the validity of these simple expressions in the pilot tests and found that the respondents understood them quite well.
However, the above discussion raises another issue, i.e., providing detailed information about the expected environmental changes to the respondents may cause a possible bias in the survey response. For example, people may know what we would like to infer from the provided information and hence give the 'socially correct' responses. While this issue is sometimes reported in several Contingent Valuation (CV) studies, we do not regard it as a potential problem here.
Against the fact that the survey response in CV is mostly based on the provision of information, the respondents' decision in a choice experiment is not based on the evaluation of any single attribute but on the overall tradeoff among various attributes. Therefore, we believe that the potential 'socially correct' bias can be, to a great extent, prevented in our framework.
Data collection
The survey is focused on areas within 1 km of each station listed in monorail extension plan. The questionnaires were randomly delivered to 1200 households per station between 25 July and 8 August 2005. The total number of delivered households for this experiment is 6000 (1200 Â 5). We had 516 responses mailed back, and 453 (7.9%) of them were valid for this analysis. An overview of respondents' socioeconomic characteristics is shown in Table 4 . The sample consists of 241 men (53.2%) and 203 women (44.9%). Of the 453 respondents, about 90% are over 30 years old and more than half have finished high school or special college (polytechnic). With respect to employment status, about 50.2% of the respondents are employed full-or part-time. In addition, in our sample, there is majority of households (33.7%) that consists of two persons. The percentages of 3-person and 4-person households are nearly the same (19.9% versus 19.5%). The distribution of annual household incomes reveals that 58.9% of the sample has annual household income lower than 6 million Japanese Yen (about 54,000 US$ if 1 US$ = 111 Yen). Finally, the Total observations n = 453 e n v i r o n m e n t a l s c i e n c e & p o l i c y 1 2 ( 2 0 0 9 ) 3 3 8 -3 4 6
percentage of owning at least one private car reaches 69.7% in our sample. (2) = 10.60 (the difference in the degree of freedom of the two models is 2) at 0.5% significance level, suggesting that the HEV model is superior to the MNL model. 5 According to this test, the following discussion is based on the results of the HEV specification. Time and cost coefficients are estimated generically for all alternatives. As expected, all of them are strongly negatively significant, which indicates that more time spent on travel and in delay and waiting, as well as increased costs in traveling, cause residents more disutility. The values of time savings (VOTS) for in-vehicle time, delay time, and frequency are calculated by dividing the coefficients of time variables by the coefficient of cost variable. The VOTS of in-vehicle time is estimated at 673 JP yen per hour (about 6 US$ per hour), which is the highest of the three types of time. For delay time and frequency, the VOTS are estimated at 356 and 270 JP yen per hour, respectively. The difference between these two VOTS may be explained by the different stresses caused by the additional times taken during travel. That is to say, the frequency can be pre-checked so that people may go to the station or bus stop just before departure in order to decrease waiting time. However, car journey delays that vary with road congestion cannot be readily predicted by drivers and passengers.
Results
Estimation result
We estimate the local natural environment variable ('worse than current state' = 1; 'current state' = 0) and transport network accessibility variable ('fully realized' = 1; 'monorail only' = 0) by interaction terms with the ASCs of the monorail and bus. 6 All the estimated coefficients of these four interaction terms are positive and significantly different from zero. This result suggests that, in the case of either a worse The independence of irrelevant alternatives (IIA) assumption in the MNL model can also be rejected on the basis of the result that scale parameters of monorail and car in the HEV model are significantly different from the one of bus that is set to one for identification.
local natural environment or improved accessibility of the public transport network, an individual will prefer to choose public transport modes (monorail or bus) over a private car. Furthermore, a deterioration of the local natural environment suggests that the marginal utility of selecting the monorail is slightly higher than that of choosing the bus (see the magnitudes of Environment with Monorail and Bus in Table 5 ). In contrast, when all public transport investments are fully realized, the marginal utility of selecting the bus is slightly higher than that of choosing the monorail (see the magnitudes of Network with Monorail and Bus in Table 5 ). At first glance, the latter result seems counter-intuitive. However, it is probably true due to the reason that respondents may be influenced by the fact that current bus lines would have, in some cases, a better linkage with other new lines planned by the KPTC, e.g. individuals frequently going to ShinOsaka station and taking a Shinkansen will find that the current bus service can link more easily with a new line directly bound for Shin-Osaka than monorail. With respect to other variables in Table 5 , respondents who are older than 65 are liable to prefer the monorail to the car (see terms of Age above 65). In addition, the interaction of household income with ASC of the car is not significant here, whilst the interaction term of the number of cars held by a household with the ASC of car is estimated to be significantly positive. This implies that the more cars a household owns, the higher the probability the family members will choose the car as their traffic mode.
Finally, let us turn to investigating how current bus users and current car users behave under the conditions of local environmental deterioration or improved network accessibility when traveling the extended sections. For current bus users, in all cases, almost all the coefficients of interactions with the ASCs of monorail and car are estimated to be significantly negative, indicating that despite the monorail extension, bus users are not willing to shift to either monorail or car. This evidence could be plausible because most of the samples were selected within 1 km from each new monorail station and bus stops are usually located more nearly to residents than monorail stops.
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On the other hand, for current car users, interaction terms with the ASC of the monorail are not significant, while the coefficients of interaction with the ASC of car under either the condition are estimated to be significantly positive. This implies that current car users (7.4% of the sample) are still willing to select the car when passing through the extended sections of the monorail.
4.2.
Further discussion of natural environment and network accessibility
Further estimations by using sub-samples are carried out to confirm the above results about the impacts of the local natural environment and network accessibility on individuals' transport modal choice. Sub-samples 1 and 2 are divided from the full-sample based on two different environmental statesthe current state or worse than current state. Alternatively, sub-samples 3 and 4 are generated from the full-sample based on two situations of network accessibility-monorail only or fully realized. All these four sub-samples are estimated by the same HEV specification as before. Table 6 summarizes the predicted choice probability of these four sub-samples. From the table, we see that for a change in local natural environment (a change from Subsample 1 to Sub-sample 2), the variations of the induced choice probabilities for monorail, bus and car are 3.576%, 1.314% and À4.890%, respectively. Then, for a change in public transport network accessibility (a change from Sub-sample 3 to Subsample 4), the variations of the induced choice probabilities for monorail, bus and car are 0.789%, 2.083% and À2.872%, respectively. This result is consistent with the full-sample result discussed above, i.e., when the local natural environment is worse than the current state or public transport network accessibility becomes more convenient, individuals will have a higher probability choosing public transport modes (monorail or bus). Further consistency to the full-sample estimation is evident in the results of a relative higher probability variation in choosing the monorail over the bus in the case of environmental deterioration, and a relative higher probability variation in choosing the bus over the monorail in the case of improved network accessibility.
In summary, the estimates in this study highlight the impact of the local natural environment and network accessibility on individuals' transport modal choice. They significantly support the two hypotheses proposed in the 7 Within the surveyed area of a circle with radius of 1 km (almost equals to half of one section of monorail), it is said that four or five bus stops are normally allocated in Eastern Osaka. Thus, bus is an extremely convenient mode for a short traveling within these areas.
Introduction. However, the induced values of time saving seem lower than in most previous studies in Japan and other developed countries. One possible reason is that the VOTS may be influenced by relatively lower household income in the surveyed areas. A further systematic study on this issue is necessary and left for future research.
Conclusions
Estimating the impacts of the local natural environment and network accessibility on individual transport modal choice is not an easy task using a stated choice experiment, partly because it is quite difficult to deliver the analyst's message to individuals. In order to try to make the questionnaire easily understood by ordinary residents, we placed the local natural environment and network accessibility into two categories, and affixed an additional detail introduction sheet combining figures and graphs. By a HEV specification, both results from full-sample and sub-sample estimations suggest that the probability or utility of public transports selected by individual increases more than that of private car under conditions of local environmental deterioration or improved public transport accessibility. Linking this result to sustainable transport development, this study suggests that transport policy makers should recognize the relations between the natural environment, network accessibility, and individual modal choice as an essential part of present transport policy.
Finally, this study is suggestive of two areas of continued research. First, the results and findings of this study are based on the information of hypothetical choices gathered from a particular area. Thus, the results are viewed as being representative of people in a directly affected small area but not transferable to all individuals in Osaka metropolitan area. In order to make the results transferable to the latter, a random sampling strategy is necessary to be applied at a metropolitan level. Second, as we noted, we did not partially investigate the indirect effect caused by transport network externality in this study. Given the importance of this indirect effect in transport modal choice, it is worthy of taking both direct and indirect effects into consideration in future study.
